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(54) Title: THREE-DIMENSIONAL IMAGE PROJECTOR 



(57) Abstract 

The projector comprises: a chamber designed to 
contain the object (3) to be projected, having dark, 
opaque, non-reflecting walls; a Fresnel lens (2) occu- 
pying an aperture in one wall of the chamber, said lens 
(2) having a diameter larger than the maximum dimen- 
sion of the object (3) to be projected, an optical axis (8) 
projected in the direction of the object and a focal dis- 
tance smaller than the length of the optical circuit be- 
tween the object and the lens; one or more light 
sources located in the chamber to illuminate the object 
and suitably screened from the lens so as not to project 
diffused light on the latter. 
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"mmm-DTHENSIONAL IMAGE PROJECTOR" 
— 0O0 — 

The present invention concerns a three-dimensional image 
projector and more precisely an optical device by means 
5 of which three-dimensional images can be viewed in the 
space in front of the projection screen. 

At present, reproduction of stereoscopic images of an 
object is achieved by means of more or less complex sys- 
tems based substantially on the use of two flat stereo- 

10 scopic images (of the object itself) and of suitable de- 
vices (such as .prisms, striped screens, glasses with 
differently polarized lenses, etc.) which consent each 
of the two stereoscopic images to be viewed by one eye, 
or on the use of holograms obtained from a two- 

15 dimensional photosensitive emulsion impressed by inter- 
ference between two laser beams, one of which coming di- 
rectly from the light source and the other reflected 
from the object. 

These systems present various drawbacks, the main ones 
20 being that: 

- they require sophisticated and costly techniques 
and/or do not allow prolonged viewing of the three- 
dimensional images without tiring the eyes of the 
viewer; 

25 - they do not always allow the object to be viewed from 
different angles; 

- they do not allow the immediate projection of any ob- 
ject; 

- they do not enable the object to be viewed in its na- 
30 tural colours; 

- they do not enable the object to be viewed in move- 
ment • 

The purpose of this invention is to remedy the afore- 
mentioned drawbacks by providing a three-dimensional i- 
35 mage projector whereby any object can be viewed in real 
time, in its natural colours and, if necessary, in move- 
ment, without calling for particularly costly equipment 
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and without tiring the eys of the viewer, who is -able to 
gaze quite naturally at the three-dimensional image of 
the object projected .in the space in front of th 
screen. 

5 According to a first embodiment, the projector according 
to the invention comprises: 

- a chamber designed to contain the object to be projec- 
ted, having dark, opaque, non-reflecting walls; 

- a Fresnel lens occupying an aperture in one wall of 
10 the chamber, said lens having a diameter larger than 

the overall dimensions of the object to be projected 
and an optical axis projected in the direction of the 
object and a focal distance smaller than the length of 
the optical circuit between the object and the lens; 
15 - one or more light sources located in the chamber "to 
illuminate the object and suitably screened from the 
lens so as not .to project diffused light on the lat- 
ter. 

Other inventive solutions are given further on, in the 
20 claims. 

The features of the invention will be more clearly evi- 
dent from the following examples of non-restrictive em- 
bodiments described with reference to the accompanying 
drawings, in which: 

Figs. 1 and 2: show a first embodiment of a projector ac- 
cording to the invention; ; 
Figs. 3, 4 and 5: show a second embodiment of a projector 

according to the invention; 
SlS * 6 1 shows an automatic system for controlling the il- 
lumination of the object to be projected; 
■ Fi ff 1 7 L shows a third embodiment of a projector according 

to the invention. 
Figs.l and 2 show a schematic representation of a cross- 
sectional view (on a horizontal and a vertical plane, 
respectively) of a first embodiment of a projector ac- 
cording to the invention, in which the following refe- 
rences are used to. indicate the various parts: 
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1: substantially parallelepipedon-shaped chamber with 
opaque walls with a dark-coloured non-reflecting in- 
ternal surface; 

2: Fresnel lens; 
5 3: object to be viewed three-dimensionally ; in this spe- 
cific case, it consists of a cube with an L printed 
on the side facing the lens; . 

4: real image, with three-dimensional effects, of the 
object 3; 5: viewer; 
10 6: projectors for illuminating the object 3 (with light 
having a spectrum as similar as possible to the solar 
spectrum) ; 

7: screens for protecting the projectors 6, in order to 
prevent diffused light from being projected onto, the 

15 lens 2. 

When the projectors 6 are turned off, the lens 2 is seen 
by the viewer as a dark screen. However, as soon as* the 
projectors are turned on, the viewer sees, in front of 
the screen consisting of the lens, the (upside down) 

20 three-dimensional image of the object, in its natural 
colours, so as to give him the impression of standing in 
front of the object itself, which appears to hover in' 
the space in front of the projector. The sensation of 
three-dimensionality is also confirmed when the viewer 

25 moves sideways with respect to the image of the object: 
in this case, in fact, the viewer becomes aware of the 
change in perspective which normally accompanies a 
change in parallax. The extent to which the viewer can 
move sideways (or even vertically) is, of course, limi- 

30 ted by the field of visibility of the image which, with 
close approximation, can be likened to a cone with its 
apex in the optical centre of the lens (the angle at the 
top of the cone has been indicated by the reference "a" 
in Fig. 2). 

35 In order to enable the projector to give satisfactory 
results, the lens and the object must fulfill certain 
dimensional requirements . 



In fact* so as not to have an excessively narrow field 
of visibility (angle "a") it is necessary for the focal 
distance of the lens to be vrithin the same order of ma- 
gnitude as the diameter of. the lens itself or smaller* 
Moreover j the object must also be placed at a given dis- 
tance from the lens so that the distance between the 
projected image and the lens is in the same order of ma- 
gnitude as the abovementioned diameter or smaller. The 
nearer the projected image is from the lens the wider 
the aforesaid field of visibility will be. 
Moreover, the lens must have a larger diameter than the 
maximum dimension of the object. The best results are 
obtained with a lens having a diameter at least three 
times that of the aforesaid maximum dimension of the ob- 
ject, 

A further embodiment of a projector according to the in- 
vention is schematically illustrated in Figs . 3 (cross- 
sectional view) and 4 (frontal view), in which the parts 
indicated by references used previously in Figs. 1 and 
2 have equivalent functions. The remaining parts are: 
9 and 10: flat mirrors; 

11: knob for adjusting the angle of inclination of the 
. mirror 10; 

12 and 13: screws for adjusting the angle of inclination 
of the mirrors 10 and 9; 

14: door giving access to the compartment containing the 
object to be projected, which normally remains clo- 
sed when the projector is in operation (in Fig. 3 
the door is shown half open and in Fig. ,4 wide o- 
pen) ; 

15: wall screening the object 3 from the mirror 10; 
16: wall screening the mirror 9 from the lens 2. 
In this embodiment the mirrors 9 and 10 perform multiple 
funct ions: 

- to project an upside down image of the object 3 onto 
the lens 2 so that the lens 2 can project an upright 
three-dimensional image to the outside; 
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- to make the luminous rays projected from the object 3 
onto the lens follow a C-shaped route (see route 8 in 
Fig.3), so that, with a lens of the same diameter and 
an optical route of the same overall length, the appa- 

5 ratus is more compact and less bulky than the ap- 

paratus referred to in the example in Figs. 1 and 2; 

- to enable the position of the projected image to be 
adjusted vertically, by varying the angle of inclina- 
tion of the mirror 10 by means of the knob 11. 

10 With regard to the latter function of the mirrors it can 
be Seen that when the mirror 10 (which is hinged by 17) 
is rotated downwards, the image 4 also shifts in the 
same direction. 

It can also be seen that when the two mirrors 9 and 10 
15 are perpendicular to each other, then any vertical plane 
of the object 3 is projected out of the lens 2 still as 
a vertical plane. Conversely, when the mirrors form an 
angle of (90* + B), then the vertical plane of the ob- 
ject 3 printed with the letter L is projected out of the 
20 lens with an inclination on the vertical having an am- 
plitude of 2*B. 

Consequently, if it is required to adjust the vertical 
position of the image of the object so that it automati- 
cally respects the verticality of the planes, it is ne- 

25 cessary to improve the system for adjusting the inclina- 
tion of the mirrors, as shown in the schematic example 
of Fig . 5 . According to this sketch the mirrors are se- 
cured on one side to the hinges 17 and 18 and on the o- 
ther to one end of the rods 19 and 20. The other end of 

30 the rods, which can be lengthened or shortened tele- 
scopically, is secured to the hinge 22. Said hinge can 
slide along the circular guide 23, whose centre of cur- 
vature coincides with the midpoint of the segment having 
its ends in 17 and 18, so that each swinging of the mir- 

35 ror 10, caused by turning the knob 11, corresponds to a 
swinging of the mirror 9, which ensures the perpendicu- 
larity of the two mirrors. 
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The previously described apparatus (as well as that of 
Figs.l and 2) can operate in environments subject to any 
lighting conditions whatsoever, either natural or arti- 
ficial. However, in order to have a clear view of the 
5 image the . illumination of the object 3 must always be 
adapted to isuit the degree of luminosity of the envi- 
ronment. This can be achieved by providing projectors 
with lamps with adjustable brightness, which can be ad- 
justed by means of a special control circuit operated by 

10 hand (by means of an external control knob, not shown in 
the figure), or operated by an automatic control system. 
In this latter case, it will be sufficient to provide 
(in a per se known way) an input control circuit 24, ac- 
tivated by a signal from a photoconductive cell 21 loca- 

15 ted on the front panel of the projector in the vicinity 
of the Fresnel lens (see Fig. 4 and Fig. 6 ) . 
Fig. 7 shows a cross sectional view .of a third embodi- 
ment of a projector according to the invention, in which 
reference 27 indicates a convex spherical mirror, 25 in- 

20 dicates a semitransparent flat mirror tilted at 45* and 
26 indicates a transparent or semitransparent screen. 
In this apparatus the semitransparent mirror 25 performs 
several functions, such as that of: 

- limiting the overall dimensions of the apparatus while 
25 keeping the route of the optical rays from the object 

to the spherical mirror the same; 

- enabling the flat mirror to reflect the object and 
then project the rays onto the spherical mirror; 

• enabling (thanks to its semitransparency ) the image 
30 created by the spherical mirror to be projected to the 

outside, upright; i 

- preventing the viewer outside the apparatus from 

seeing in. ? 
The apparatuses referred to in the examples shown in 
35 Figs. 3, 5 and 7 are also subjected to identical or si- 
milar dimensional conditions as those described for the 
lens and the object of Fig. 2. 



In addition to the aforsaid conditions, the three- 
dimensional image produced by the apparatuses according 
to the invention is, of course, also subject to the op- 
tical laws which govern the formation of images in the 
lenses and in the mirrors, whereby a ray which ' strikes 
the lens or the spherical mirror in a direction parallel 
to the optical axis emerges from the lens or the mirror 
in the direction of focus, etc. 
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CLAIMS 
— 0O0— 

1. 

Three-dimensional image projector, characterized by the 
fact of comprising: 

- a chamber designed to contain the object to be projec- 
ted, having dark, opaque, non-reflecting walls; 

- a Fresnel lens occupying an aperture in one wall of 
the chamber, said lens having a rf{ A m»+.T. l ~_ 4-u-_ 
the maximum dimension of the object to be projected, 
an optical axis projected in the direction of the ob- 
ject and a focal distance smaller than the length of 
the optical circuit between the object and the lens; 

- one or more light sources located in the chamber to 
illuminate the object and suitably- screened from the 
lens so as not to project diffused light on the lat- 
ter. 

2. 

Projector as claimed in Claim 1, characterized by the 
fact that the focal distance of the lens is of the same 
order of magnitude as the diameter of the lens itself or 
smaller, and that the length of the optical circuit be- 
tween the object to be projected and the lens is such 
that the image projected by the lens is situated at a 
distance from the latter in the same order of magnitude 
as the diameter of the lens or smaller. 
3. 

Projector as claimed in any of the previous claims,' cha- 
racterized by the fact that the diameter of the lens is 
more than three times the maximum dimension of the ob- 
ject to be projected. 
4. 

Projector as claimed in any of the previous claims, cha- 
racterized by the presence of an optical circuit consis- 
ting of a set of flat mirrors positioned so as to projec 
the optical axis of the lens towards the object 
5. 



Projector as claimed in Claim 4, characterized by the 
presence of one or more optical screens for the purpose 
of preventing the direct projection of light rays from 
the illuminated object onto the Fresnel lens. 
5 6. 

Projector as claimed in the previous claim, characteri- 
zed by the fact that the mirrors are of an even number. 
7. * 

Projector as claimed in Claim 5, characterized by the 
10 fact that one or more of the mirrors is movable, inas- 
much as its inclination with respect to the incident op- 
tical axis can be varied. 

Projector as claimed in Claim 7, characterized by the 
15 fact that the mirrors are two in number and are secured 
to each other by means designed to ensure their recipro- 
cal perpendicularity in every possible position. 
9. 

Three-dimensional image projector, characterized by the 
20 combined presence of: 

- a chamber designed to contain the object to be projec- 
ted, having dark, opaque, non-reflecting walls; 

an aperture in one wall of the chamber having dimen- 
sions larger than the dimensions of the object to be 
25 projected; 

- a concave spherical mirror, having a diameter larger 
than the maximum dimension of the object to be projec- 
ted, located inside the chamber in front of the afore- 
said aperture; 

30 - a flat semitransparent mirror positioned between the 
concave mirror and the aperture and oriented so as to 
reflect the optical axis of the spherical mirror in 
the direction of the object; 

- an object to be projected, positioned so that its di- 
35 stance from the concave mirror, measured along the 

route of the optical axis, is greater than the focal 
distance . 
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10. 

Projector as claimed in Claim 9, characterized by the 
presence of another semitransparent mirror positioned 
over the aforesaid aperture* 

— oOo — 
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